OBJECTIVE: The effectiveness of a tepary bean high fat type diet, compared to a puri®ed type high fat diet and exercise, on body composition in fatty Zucker rats was determined. SUBJECTS AND DESIGN: Approximately 6-week-old female fa/fa Zucker rats were divided into four groups of 10 rats each: TE, fed the tepary bean type diet and exercised; TN, fed the tepary bean type diet and not exercised; CE, fed the puri®ed type control diet and exercised; CN, fed the puri®ed type control diet and not exercised. The exercise modality was treadmill running and the experiment lasted 13 weeks. MEASUREMENTS: Body weight, cumulative food intake, body composition, weights of adipose tissues and liver, heart and gastrocnemius muscle. RESULTS: At the end of the 13 week experiment, TE rats weighed 511 AE 22 g and were signi®cantly lighter than TN, 588 AE 15 g; CE, 606 AE 22 g; and CN, 660 AE 27 g. All are means AE s.e.m. The carcass of CN rats had 58, 20 and 13% more fat than TE, TN and CE rats, respectively; P`0.01. Lean body mass was the same for all the groups of rats and ranged from means of 216 ± 228 g. However, TE rats had signi®cantly more fat free dry mass (FFDM) than CN rats; 68 AE 4 vs 58 AE 2 (means AE s.e.m.) and tended to have more FFDM than TN and CE rats. Inguinal fat depots weighed 20 ± 30% less in T than in C rats (diet comparisons) and also 20 ± 30% less in E than in N rats (exercise comparisons). Perirenal/ retroperitoneal fat depots weighed 25% less in TN than in CN rats and 38% less in TE than in CE rats. Exercise did not reduce perirenal/retroperitoneal fat depot weights. Parametrial fat depot weights were not in¯uenced by diet or exercise. CONCLUSIONS: In diets which provided 37% of the energy from fat, the incorporation of tepary beans attenuated weight gain, and subcutaneous and visceral fat gain compared to a puri®ed type diet. Exercised rats gained less weight and subcutaneous, but not visceral fat, than non-exercised rats.
Introduction
There have been several human studies which evaluated the effects of exercise alone, diet alone or exercise plus diet, on weight reduction. 1 Use of a restricted diet or use of diet plus exercise produced about an 11 kg weight loss over 15 weeks, while exercise produced a weight loss of 1±2 kg. 2 In general, diet or diet plus exercise, have been three to ®ve times more effective in producing weight loss than exercise alone. 1 Garrow 3 has illustrated that weight loss is only marginally increased in humans by adding an exercise component. Animal studies 4 ± 7 illustrate that female rats fed ad libitum and undergoing forced exercise, do not lose weight. Instead, the rats increase their food intake to compensate for the additional energy expenditure. Most studies used normal weight or slightly overweight rats. A few studies 8, 9 used the genetically obese Zucker rat. A single autosomal gene mutation in the Zucker rat 10 is associated with a high rate of fat deposition in homozygous recessive rats (fa/fa). Obesity in rats can also be induced by feeding a high fat diet 11, 12 instead of feeding chow or a low fat diet. Feeding a high fat diet has produced massive obesity in the Zucker rat. 13 The hypothesis tested in this study was that, compared to feeding a puri®ed high fat diet, feeding a legume-type diet, high in fat, would attenuate weight and fat gain either with or without exercise. In order to maximize potential differences, the fatty Zucker rat was selected as the animal model. The tepary bean was chosen as the complex carbohydrate, because it is consumed by the PimaaPapago Indians in the Southwestern part of the US and is commonly prepared by boiling in fat or by refrying. 14 The diets contained approximately 37% energy from fat in order to replicate the amount of energy obtained from fat in the average American diet.
Methods
Six-week-old female fatty (faafa) Zucker rats, weighing approximately 220±240 g, were purchased from Charles River Laboratory (Kingston, MA). After ®ve days acclimation to the laboratory, during which time animals were fed pelleted laboratory chow, rats were weighed and randomly assigned (to equalize body weight) to one of the following four treatments: (1) fed the tepary bean type diet and exercised (TE), (2) fed the tepary bean type diet and non-exercised (TN), (3) fed a puri®ed type diet and exercised (CE), and (4) control rats fed a puri®ed type diet and not exercised (CN). There were 10 rats in each group. For the 13 weeks of the experiment, rats were housed individually in suspended stainless steel cages, with food and water available at all times (except during six 12 h fasts (to collect blood samples) and during the exercise period). The room temperature was controlled at 23 C and lights were on at 06.00 h and off at 18.00 h. All protocols were approved by the All University Committee on Animal Use and Care, Michigan State University.
Diets were formulated so that nearly 37% of the energy was provided by fat ( Table 1) . The dry white tepary beans were soaked at room temperature in deionized water for 24 h and then autoclaved under pressure at 120 C until tender ± about one hour. Excessive water was decanted both after soaking and autoclaving. Beans were then dried at 25 C to a constant weight.
A Fitz Hammer mill (WJ Fitzpatrick Co., Chicago, IL) was used to grind the dried beans into particles suf®ciently ®ne to pass through a No. 10 sieve. The beans were then incorporated into the appropriate diets (Table 1) . Individual food intakes were measured throughout the entire 13 weeks of the study. Twice a week, the ®lled cups were weighed and re-weighed, after three or four days, with the difference in weights representing the consumed food. Spilled food was collected and the weight of it subtracted from the amount of food consumed. Rats were weighed once a week between 07.00±09.00 h.
The treadmill was located in a controlled temperature room (23 C) adjacent to the room in which the rats were housed. The exercised groups, TE and CE, were trained over a ®ve week period, to run on a motor driven (Veridyne, St Louis, MO) treadmill with no incline; 0 . Rats exercised between 13.00±17.00 h, ®ve days per week. Initially, rats ran 15 mamin for 15 min and during the ®ve weeks there was a gradual increase in speed and duration until the rats were capable of running at a speed of 20 mamin for 60 min. This intensity and duration was maintained for the last eight weeks of the experiment. The workload was selected because Shepherd et al 17 reported that such an exercise protocol produced a training effect in fatty Zucker rats. Only ®ve rats were exercised at one time. This allowed the researcher to closely watch the rats while running and nudge rats that stopped running. No electrical shock was use to encourage running.
Rats were anaesthetized and then overdosed with methoxy¯urane. Fat pads, heart, liver and muscles were dissected free of the carcass and weighed. 18 Carcasses, exclusive of gastrointestinal (GI) tract contents and soleus, plantaris and gastrocnemius muscles of one leg, but including fat pads, were stored at 720 C until analysed. Individual carcasses were autoclaved at 120 C until softened (about 25 min). They were homogenized with an equal proportion of deionized water and homogeneous aliquots were taken for moisture and neutral fat determinations. 19 Water was added to the softened carcass to facilitate the homogenation process.
Means and s.e.m. were calculated for body weight, feed ef®ciency, body composition, organ, muscle and fat depot weights. Main and interactive effects were assessed using a two-way ANOVA. When a signi®-cant F-ratio was obtained (P`0.05), Duncan's multiple range test 20 was used to determine statistical signi®cance between means.
Results
TE rats gained signi®cantly less weight than TN, CE or CN rats (Table 2) . When diet type comparisons were made, non-exercised rats fed the puri®ed type diet (CN) gained 14% more weight than TN rats, and CE rats gained 42% more weight than TE rats. When treatment modalities, exercise vs non-exercise, were compared, CN rats gained 8% more weight than CE rats and TN rats gained 35% more weight than TE rats ( Table 2 ). All differences were signi®cant. Rats consumed a range of 160±200 g of food per week for the ®rst week of the experiment, but, by the fourth week, rats were consuming 120±155 g of food per week. Thereafter, food intakes stabilized at the lower level. Since the energy content of the two diets was the same (Table 1 ) differences in grams of food consumed represent comparable differences in energy intake as well. Feed ef®ciency was greatest in the CN rats, while the other three groups were signi®cantly less ef®cient (Table 2) . Exercised rats were signi®-cantly less ef®cient than non-exercised rats. Rats fed the tepary bean type diet, regardless of treatment, were less ef®cient than their counterparts fed the puri®ed type diet.
Fat mass was greatest in CN rats (Table 3 ). Both diet type and treatment (exercise vs no exercise) affected body fat. Non-exercised rats fed the puri®ed type diet had 19% more fat than counterparts fed the tepary bean diet, while exercised rats fed the puri®ed diet (CE) had 30% more fat than rats fed the tepary bean type diet.
When non-exercised rats were compared with exercised rats fed the same diet, non-exercised rats fed the puri®ed diet (CN) had 13% more body fat than exercised rats and non-exercised rats fed the bean type diet had 32% more body fat than exercised rats. This was also re¯ected in differences in percent body fat (Table 3) .
Lean body mass and body water were similar in all groups (Table 3) . Fat free dry mass (FFDM) was signi®cantly greater in TE rats than in CN rats and almost reached signi®cance for TN and CE rats. When FFDM was presented as a percentage of body weight, TE rats contained signi®cantly more FFDM than the other three groups.
Compared to rats fed the puri®ed type diet, absolute liver weights in the two groups of rats fed the tepary bean type diet were signi®cantly less (Table 4) . There were no differences in liver weights between the exercised and non-exercised rats. When expressed as gakg body weight, liver weight was comparable for all four groups of rats. 
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When comparisons for dietary differences were made for rats treated comparably, the absolute weight of hearts was greater in rats fed the puri®ed type control diet than in rats fed the tepary bean type diet. However, hearts of rats fed the two different diets weighed the same when expressed as gakg body weight. Compared to non-exercised rats, the hearts of exercised rats fed the same diet, weighed signi®-cantly more when expressed as gakg body weight, even though the absolute weights of the hearts were comparable, regardless of treatment. The gastrocnemius muscle was only signi®cantly heavier in TE rats when expressed as gakg body weight. Other comparisons were similar (Table 4) .
For rats treated the same, the inguinal fat depot (subcutaneous) was signi®cantly heavier in rats fed the puri®ed type control diets than in rats fed the tepary bean type diets ( Table 5 ). The one exception was the difference between non-exercised CN and TN rats when weight was expressed as gakg body weight. Likewise, inguinal fat pad weights, expressed as gakg, in CN compared to TN rats were not signi®cantly different. The other three treatment comparisons for rats fed the same diets were signi®cantly different.
For comparable treatment, perirenalaretroperitoneal fat pads (intra-abdominal) were heavier in rats fed the puri®ed type control diets than in rats fed the tepary bean type diet. Again, the one exception was for CN rats compared to TN rats expressed as gakg body weight. However, when exercised rats were compared with non-exercised rats fed the same diet, there were no signi®cant differences. TN) where P`0.05.
The parametrial fat depot was less responsive to diet or treatment manipulations than the other two depots. On the actual weight basis, the parametrial depot of TE rats weighed signi®cantly less than the same depot in TN, CE or CN rats. When expressed as gakg body weights, this difference was no longer present.
Discussion
Metabolizable energy (ME) in the diets was based on the US Department of Agriculture Handbook 8. 21 However, it has been reported that the coef®cient of availability of energy and the energy-containing nutrients was lower than the published values 21 when a high ®bre diet was consumed. 22 Also, the digestibility of energy-containing nutrients is lower when a high ®bre diet is fed compared to when a low ®bre diet is fed. 23 The digestibility of the diets used in our study was not measured. The two diets were comparable in ®bre quantity, but the sources of ®bre differed. Legume ®bre, with its characteristic composition of pectin, gums and galactans, causes an increase in fat and cholesterol excretion from the gastrointestinal tract. 24, 25 The slightly lower feed ef®ciency of the tepary bean type diet, compared to the semi-puri®ed control diet, may have been associated with the ®bre source or other components of the tepary beans.
The carbohydrate content of navy (Phaseolus vulgaris) and pinto (Phaseolus vulgaris) beans ranges from 55±64%. 26 White tepary beans (Phaseolus acuti folius) grown by the PapagoaPima Indians have a similar carbohydrate content. 27 Most of the carbohydrate in beans is starch and it comprises 51±56.5% of the whole bean. Phaseolus starches promote growth in rats similar to wheat 28 or cornstarch. 29 However, beans (Phaseolus) also contain 4±5% ®bre, about 3% sucrose and the remainder of the carbohydrate (2±3%) is other sugars such as oligosaccharides. 26 Legumes contain appreciable amounts of oligosaccharides of the raf®nose family of sugars, which cannot be degraded by mammalian digestive enzymes. 26 However, oligosaccharides are water-soluble and cooking legumes under pressure, as was done for the preparation of the bean diet, reduces the raf®nose content of legumes by 75±80%, so that the ®nal amount ranges from 0.4±1.4 gakg legumes on a wet weight basis. 30 The fact that ®bre serves as a substrate for microbial gastrointestinal tract fermentation aids in partially deriving energy from carbohydrates which are resistant to animal digestive enzymes, 31 and carbohydrate excretion from the gastrointestinal tract is reduced. 32 Bean protein is very well digested. 33 When fatty Zucker rats are fed protein-adequate diets, protein deposition is similar, regardless of diet type. 34, 35 The concept is supported, in our study, by the similar deposition of lean body mass in all four groups of rats. In a review, it was stated that lean body mass was impervious to change in fatty female Zucker rats. 36 The slight, but signi®cantly greater FFDM in the TE rats compared to the other three groups of rats in our study may have been associated with a slight increase in protein or an increase in the quantity of mineral matter, since the mineral content of tepary beans is high 27 and exercise improves bone density.
Protein deposition is associated with the regulation of food intake in fatty Zucker rats. 34, 35 Even though food ef®ciency differed among our four groups of rats, cumulative energy intake was similar.
On the other hand, fat deposition in the fatty Zucker rat is in¯uenced by several factors including the quantity and quality of the diet consumed. 34, 35 The energy cost of fat deposition from carbohydrate in foods is 1.4 kJ MEakJ fat deposited, whereas, for triglycerides in foods, the energy cost is 1.15 kJ MEakJ. 37 Feeding a high fat diet (370 gakg diet) accelerated weight gain and fat accretion in obese Zucker rats. 13 However, others reported no difference in weight and fat gain when the diet contained 178 g fatakg diet compared to a low fat diet. 38 Both the high fat diet used by Bray et al 13 and our puri®ed diet supported similar weight and fat gains. However, in our study, both diets were high in fat and hypothetically, should have supported similar fat and weight gains, but they did not. Rats fed the tepary bean type diet always gained less weight and fat than rats fed the puri®ed type control diet.
Several investigators 4 ± 7 reported that female rats, introduced to forced exercise, increased their food intake and did not lose weight. However, in our study, the obese exercised faafa female rats gained less weight and body fat than sedentary rats, regardless of diet type. Walberg et al 9 and Jen et al, 8 using swimming as the exercise protocol, reported less weight and fat gain in exercised than in non-exercised obese female faafa rats. This implies that obese female Zucker rats cannot increase appetite to meet the energy demand of forced exercise. There are several appetite defects present in obese Zucker rats, 36 including an abnormal Ob-Rb receptor which binds leptin, 39 a physiologically important regulator of food intake.
Garrow 3 has pointed out that in obese humans, exercise contributes only marginally to weight loss. A meta-analysis of 25 different weight loss programs using diet alone, exercise alone or diet plus exercise, for 15 week interventions, indicated that moderately obese females (body mass index (BMI) of 32.2AE 0.05) lost 10.7AE 0.05, 2.9AE 0.4 and 11.6AE 0.6 kg body weight, respectively.
1 Thus, diet was at least 300% more effective than exercise in promoting weight loss.
Android fat patterning is associated with cardiovascular risk, hyperinsulinaemia and glucose intolerance in humans. 40, 41 This implies that any procedures which reduce visceral fat would be more effective in chronic disease control than procedures which reduce subcutaneous fat. In the present study of the obese Exercise and diet effects in obese Zucker rats PE Burch et al female Zucker rats, both diet and exercise attenuated weight gain of the subcutaneous gluteal fat pad, while neither affected growth of the parametrial fat pad and diet only deterred growth of the perirenala retroperitoneal, a visceral fat pad. In faafa rats, it has been reported that swimming had its greatest effect on attenuating the growth of the subcutaneous fat pad 8, 9 compared to visceral fat pads. Savard et al 42 reported that exercise had no effect on parametrial fat depots or retroperitoneal fat depots. Neither was adipocyte size decreased by running in obese Zucker female rats. 43 However, these ®ndings do not necessarily apply to lean female rats or to other strains of rat, where exercise has been effective in attenuating weight gain of parametrial and retroperitoneal fat depots (Wistar rats 44 and Osborne Mendel rats 45 ). Under extreme conditions of genetic and high fat diet-induced obesity, the tepary bean type diet (388 g fatakg) compared to a semi-puri®ed type diet (386 g fatakg), modestly controlled weight and fat gain. Exercise was also effective. However, neither diet nor exercise altered the amount of lean body mass. Both the tepary bean type diet and exercise attenuated weight gain of the gluteal fat pads, but only the tepary bean diet slowed weight gain of the perirenalaretroperitoneal fat depots.
